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VALIDATING STRESS TOLERANCE EXERCISE WITH GAME-BASED
ASSESSMENT AND STRESS CHECKLISTS
Jóhann Wium
Isavia Air Navigation Services
Iceland

Stress tolerance is an important attribute for air traffic controllers. Assessing
an individual’s stress tolerance should therefore be considered when selecting
student air traffic controllers. Unfortunately, measures of stress tolerance are
often self-reports and as such are subject to “faking good”. This paper details
the validation of an observation-based stress tolerance exercise and its
convergent validity with behavioral signs of stress (from stress checklists) and
results of game-based assessments of Emotional Stability and Performance
Under Pressure. The resulting data suggests that ratings from the exercise are
valid and that game-based assessments can be used to predict ratings made
from observable behavior in candidates.

A high attrition rate is a persistent problem in air traffic controller (ATCO) training
(Broach, 2017). Previous job analyses of the role of ATCOs emphasize being able to perform
in high stress environments (Goeters et al, 2004; Nickles et at 1995; Suresh et al, 2012) so
stress tolerance is an issue in ATCO selection. Stress tolerance is defined as being capable of
reacting with a problem-solving approach rather than an emotional approach when faced with
adversity and remaining calm, even-tempered, and composed in stressful situations (Nickles
et at, 1995).
Some studies indicated that stress tolerance can affect student ATCO success (see e.g.
Chapelle et al, 2015; Roe et al, 2012; Collins et al, 1989) while others found no significant
connection (Geven et al, 2008; Luuk et al, 2009; Oakes et, 2001; Schroeder et al 1993). One
possible explanation is that these studies used self-report questionnaires when measuring
stress tolerance and they can be susceptible to “faking-good”. Griffith and Converse (2012)
estimate that 30% (+/-10%) of job applicants will give overly positive answers about their
capabilities and that “faking good” is more likely in ‘high stakes’ selection (Ellingsen, 2012;
Griffith et al, 2007).
To counter this bias, an assessment center exercise was developed to assess stress
tolerance under pressure. The exercise was validated by comparing it to behavioral
observations by two raters and scores from a game-based assessment (GBA). The behavioral
observations were in the form of a checklist score of observed behaviors connected to stress
(i.e. stress checklist). The game-based assessment is a novel method to assess various
applicant characteristics, such as performance under pressure and emotional stability.
Applicants had completed the GBA one month earlier as part of a multiple hurdle student
ATCO selection process. While extensive, that process did not specifically select for stress
tolerance or similar traits until the assessment center.
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Inter-rater reliability between the two assessors was also calculated to ensure
consistency of ratings.

Game-based assessments
Convergent validity for GBA’s had been demonstrated with cognitive tests before in
Icelandic student ATCO selection (Boardman, 2017), but this is the first study to use
behavioral assessments. A GBA uses methods of psychological testing embedded in a
gamified interface, collecting game performance data, both overtly (e.g. candidate choices in
the game) and covertly (e.g. reaction times), to assess cognitive and personality factors
(Arctic Shores, 2017). GBA’s are also resistant to “faking-good” (Armstrong et al, 2016)
making them ideal for this comparison.
GBA’s combine research from I/O, neuropsychology (Ferreira-Brito et al, 2019),
behavioral economics, and education (Reiners & Woods, 2015) to assess applicants. Reaction
time, for example, can assess Neuroticism (Robinson & Tamar, 2005) or self-confidence
(Wichmann et al, 2016), time on task can assess persistence (Ventura & Shute, 2013), time
logs can assess collaboration (Mislevy at al, 2015), and so on.
The GBA used was Skyrise City from Arctic Shores. It measures several psychological
constructs including Emotional Stability (ES), consistency of affect, i.e., stressful situations
are dealt with in a calm and even-tempered manner, and Performance under Pressure (PP),
maintaining goal-oriented behavior while subjected to negative stressors (Arctic Shores,
2017).

Stress tolerance assessment exercise
An applicant entered a room with two assessors and sat at a table with a countdown
clock, 12 puzzle pieces, and a rectangular frame. A standardized briefing was given stating
that the exercise would be 10 minutes long (counted down on the clock) and that the goal was
to fit all puzzle pieces inside the rectangular frame. The briefing stated that warnings would
be given when there were 5 minutes and 1 minute left. The applicant was not explicitly told
that stress tolerance was being assessed, and, if asked, the standard answer was that
assessment was based on task performance.
The puzzle was a reproduction of an assembly puzzle called Calibron-12 created by
Theodore Edison in 1933. While it is theoretically possible to finish within the allotted time,
it is exceptionally unlikely (estimated minimum time is about 4 hours). The puzzle, however,
looks like it should be easily solved within the allotted time (Creative Crafthouse, 2020).
Because an applicant is unlikely to solve the puzzle, the performance measure was stress
tolerance, not completion time.
The stress in this exercise is created by the fact that the exercise is part of a high-stakes
selection process and occurs under time pressure while the candidate is being observed by
two assessors. Additionally, the candidate is faced with a frustrating task, which may
engender a sense of impending failure. The capacity to continue to perform, while remaining
unaffected by these stressors, is an indication of stress tolerance.
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Once 10 minutes had passed and the applicant had left, each rater gave an independent
rating (IR) of estimated stress tolerance. The score ranged from 1 (Very poor stress tolerance)
to 6 (Very good stress tolerance). Scores from the raters was then averaged to give a final
stress tolerance (ST) score for the exercise.
Second, each rater completed a checklist for observed signs of stress and tallied the
number of signs to give a checklist score. The score ranged from 0-9 and the signs included
were: shaking, fidgeting, stiffness, defensive behavior, avoiding behavior, inadvertent
sounds, flushed skin, forceful movements and slow movements. Assessors received detailed
descriptions of stress signs as part of their training.

Methods and results
Participants
Thirty participants were assessed in an assessment center for Icelandic student ATCO
applicants. Internal data protection policy dictates that identifiable personal information is
removed from research datasets so information on age and gender is not available.

Assessor measures
The independent scores (IR) for stress tolerance as given by the assessors, demonstrated
an inter-rater reliability of r(30) = 0.853, p>0.001. For the checklist of observed signs of
stress, assessors had a 68% agreement rate.
The total number of stress signs observed by each assessor was counted from the
checklists. The correlation between the total number of stress signs and independent rating of
stress tolerance (IR) was r(60) = -0.582, p>0.001 (with a lower IR meant that more signs
were observed and vice versa). This supports the hypothesis that IR and the checklist score
(observable signs of stress) demonstrate convergent validity.

Game-based assessment
The correlation between final stress tolerance score (ST) and Emotional Stability (ES)
was r(30) = 0.444, p>0.05. The correlation between final stress tolerance score (ST) and
Performance Under Pressure (PP) was r(30) = 0.380, p>0.05. The GBA measures also
reached significance when compared to the independent scores of the raters (IR). Between IR
and ES the correlation was r(60) = 0.348, p>0.01, and between IR and PP it was r(60) =
0.295, p>0.05. Correlation between checklist scores and ES or PP did not reach significance.

Discussion
The results suggest that the exercise is valid. It has reliability as evidenced by high
inter-rater reliability of the independent ratings. The independent ratings and checklist scores
demonstrate convergent validity as there is a significant negative correlation between
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observable stress signs and stress tolerance. The assessment also demonstrates convergent
validity in that the GBA measures of Emotional Stability (ES) and Performance Under
Pressure (PP) both correlate significantly with stress tolerance (ST).
While this study suffers from a potential lack of generalizability due to its small sample
size it provides two useful insights for practitioners. First, the exercise described shows an
observational method to rate stress tolerance free from applicants “faking good”. Second, as
game-based assessments are a new approach in selection it is important to note that they can
show significant correlations to more traditional ratings made by behavioral observations.
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